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"How to IchaeSpneed and ;avinLgS?"

A limple ILtrr-Aucltinn to the Teehnive of "Optimiz;ation"

by Jin ','an

In dei'xin n airrian, how c--v wei, ht bc m-inimized .t~

the renuirmcn t of ' ua a'ety and rcliabil15ty? In

di -1n .n'~c'-ct, 1-ow ca-n m::-ii.n- r-nCe be achiezedI :ihim

the ."ixrd con,-i Amn of u_.ke--o~f w7cighit? 'The tc Ii~inue of
A "Io-a timi-ation" cmn he borrow.!e to he .- lv :-riblems of this

kind.

The -eeni~lue of "ontimization" is a. i w Dr eehe ytet'hiusOf F~

sni-nne: its role in snecialIzo, the-oreicrril rep! ar=h and snecialioed tec1nical apx-,lic-

aeshs pae3ear~d in Ihe lan t few. 'ecad nos and oar Ucvlarly in the laz-t ton or so y_ -s

1Thic rali nnt -can-not be mr tdfrom the nrac'.iied rcu-iremonts of th-e eln 't

of sci nce an-I :oncng nd --.(eeloen nd w-ide-si r-'d use of comrut.'.r techno1 or_7.

'P (, TTI1 CP ' F1T 2HCi' OF '1Ol. T*hYA TW'10

Cneo Ce Uld that ,-he oni c~~~'omneent of "nn.jXim 17ationt cxIstnd yrl x-, Lry. o

exam Tlnie, uocinoga Ft-ringr of a :.ivpen ionC-th, what !rind of shrqne should it bc la1i10 o;u.' in

so atit oncomixamres the largefit area? M~en had a1'-n'dy answ-red this quest1ion even in

ane rnt times: use the st1ring to nncompac; a circle, and it wil enlose a ldr area

Iahn anry other sha.-Ie. Hlowever, a theore ' ieal investi.-ation an(! coliition 11,M to a

until the ei,7hteenth ccmtGury.

In 1(r)6 Johan-ner Be'nmoulli published a letrcalli'ng the- atIontioi of mathematicians

to the o-aednroblpm of thr, -nf~ .-71 clJone ndfa: test lir-e of dvlvqnt. The p-roblem

states: --ir~n tw..o -nolets A andl 'R, not efinina -a horizontal in w.hat line can be fol-

lower) between the I-w7o noints -in th-e shortest' time (see ficure 1). 'At first sicht, it

i. seem-s that a strair-'ht-line dIis :-ance is ohort-i;., zmad, therefore, would rceov.re thec

shortest time. I'owever, it is not so. In i- !h:h-I of )at-r 'CLs -srrh, 1e now. tir't !.he

>' tetlne of donti7 P. circillar Iline. 7_his is -0ie :.1.' oithj the Ii-ne i!: r-)1- *r,

aoh.Ieet aeurc ore spend. on the -'lativoly Ilnge-r li-ne c~rn.From h ie
ti--a, ions or n.,n intlo the rollnms or ats line. of'ecn and the cirvuxf' -- nnf cf

circ'le, 'Aich Tiave h -in rmenione d aliove, cnei the sludy of --ariat0ion. hns '.Ie me .hodc



of the S 4 1Cy of ra--riation hnsyer v--Yn, i!"or -Tt imsS inl ,olp all 1-ind:- of "o7rtinization"

prrblems.

In Chlnoe:e lhistory, the story is told of the horserace hetwo-n Chi .;ai cnd 'Pyan .i.

Cne day, CThi Wang wantead Uyar Ji to Inave a3 horsera,-ce with him, and he r 4tivula4.e?, that -«%ch

of them woul choose one hcrse for" among their good horses, med iocIY2 '-orses. an- bn:f horses.

!.orecv-r, he also stj'-ulatod .iaif a--yone's horse lost, the loser m.ust TAY P. thous-Lnd

nieces of -Old and, if a hor,-e( won, the wirmer would Fet ?t thousand picvr:v of Cold. cue

chi ; '~ ood, nroiocre and had horses we-re all stlrongr~r than Tya .11s horres in the

corrzsrondir (,a-s it s'-'med 'Uha1t Chi ',,ngwuOa win hrtrum icso -o.

mmvo'.r, ?v1 n Ji's ad-visor, Srm ':)n, p~ut. hin in !Jnd of a stratnj. If 'i'yln Ji~ Vuc~ his

bad "horse -vy7 inst. 'hi h.ang's pgood horse, used his m-:diocre horse ar-ainst Chi .--anC's bad

hosPnd u~sed his Ugc-od. horse a7gainst Ci !n modiocre horse, then, the rrsult of the

-race would be that 'yan .11's good and mediocre horses would both win, and he iw.cild .jin

th,.osand ~4csof -old. Thi- is a simple r'x~iliple of an "optinica,ion' p, ohlem.

A~A

dA

I%

? ,ig 1. FaStn<,t T ine of - scent

_rom the ermle above, we c.on unzi1-rs'.,mfl the origin of the original 7onccpt of "o-ti-

ils.atlon" r7nd its dovcloprnt. WThat it is npe,. arv to poi.nt out is that, only if 2 -v

soc iety h as nrn.ct ical noeds is it po-zA~ile to -moTMote the spoodcy -3ovelcnm'nt of that socie t y.

,11-in- 1.-i >e;con 1.or].J -;'ar, f corn the Problem of the or-,-ni:ation of roducti on, the 7:o-

~r 4 materio l ros7riinat~ion and shinmenmt, the problem cf the dijsrosition of troons, the

r-roblrnm of aerial roeonnai sance -_ind submarinoes, from thee -r-3cticral renuirements, 0,=e

Liiori'sof lanin, Uh'-orie-s of countcr-n-s -,7u.e ,nd so on. ITWdar Lechnology, win, dis-ov-

c-ed and hcg,:,n to be a-- ±i-d -1u-inG the pferiod of the *o-comli *',orld '>. t was a huge



technolo: -ica). stepT fom-ri over the oldI met~hod of I~re-ding on hea-ring the ound of engines

in orl!-r to !*i1:: the 2-.ositior of aircroft. "his sten foniarl caused the Qf r r~fLuitieOZ for

in ~r-mtnt -my lovib- rs to ,:c) ur ten fold, 1-noreov r, "optimniza L'ion" workers, in arlrlyine

-:is new teChInique, ra isolJ it ajain to twenty fold. This makes clear that the amiea Lion

anr-rhnlto "o-rti1i---tiof" t':ehniawues hav-e reol significance. TParlicula-rly in Th-e

e :(- -S or' so, the ciOedo. .ent of automatic control t-chnolo~r ndO aviat*'on teeh-

mole~y -- i,,-vn rice- Lo ~eacsfor hiCi ,eciFS on, high reliability and hitgh speed and

ror.- -ur-Ivcly to a ::ert of "ce f~hisa ion' rroblems. At the srame( time, clue to the .'evelopment.

of rvut)I,.r t-"haoloC,3y, ptes roblems couldl niot onl be d1e c ri bed in t T.1- of m atheatics,

hut -ilso n--ii.:srentibhle to sr7eticl eliions. oe s-ay it in -nv '--e, the wieva, rity

of -v' !y'3"y a',,,lica-.ions of comput-r r~i~lv aused men to be able to a-.rlv "o-tii.-

-tion" e-iL'i ties to solvinr 7!. even ~'a-r v-.ricty of -r-,c: lea).l nroblems, Ito ohwu.InIr even

:~t2'cemoic:'nJ teholictlresilts -nd, bfccauze, of t..i-, to at:t-r e(t tl~o atten'.ion

-in,- en:-te of' 1"cc'1 o ani e- r-1rc--:i.lnC :Cfr'Cp*

"C-in -ans Coed; C!god and IC-1 can only be Italked about in tcrns of th-ir niutual

o o--:' lon; o':Ictonee an, evwo c -nt only exist in te-nms of mutual corm-.arisons. ~ihtis
*el'e"o-) irmiza~ion" is - o 1-/ -1I exuiec a-j.on that, iundor srmecific conditions, good objec-

tiv-s :~~~'vcan bo echd 'h7at we normally -rlkabout a:- good ind badi is onl-: a

cuita 1.-ive c-onccpt; invcsti:,'cte to ony deterre you like, th-re still is no clerar s2_ I_Tl.
- easo of this, duiring esrcminto concprete orbeuit is not enough to ei~l;all-

about goodl a-ri bad; it is- still neceorro-y to hov LIseii tna~ ffenr.I

".'e ca-n set 1Ir, 5.snadof good and bad 'based on th -- ruiremcntsc of -,ra-c tilcs] rolti'--mS,

znd be%,onI this-, use e-xact mathe-matics). formicnlas to ?enTpress 'he va rious tys ,es of con: i'li-onc,

'>ien onc could tom thi kind of ne ,cion). -roblem Into a wahxtcluo _,ion for r

Poses of 1,-rh. '-his is th memtia frlcmto of etis I.

?elo, w mr~noe a isne exmpl. -u --os( e -wnt to mau'euea c rtil-,n k..nd of
... ch-'ne tool, and ec zhi toni, re'utxs'mi t7 e -o frat ~,~ad C'. wic-h h.ve

d i'fryrent mmr~t;the se\cifica i lis Pcrc cizen be1 Iow:

_____ Scii-Lin(in r.,it,-rs 1 o._ needed _p, mahine toD

C 1



Thec e s-,-Cts -.lust use the s-'~ic tyrne, of stoel rod1 for finishing_; its lcn ,th is 7.4 meteors.

The current p'lan requires the mnnufactture of 100 -achine tools. We must ask: at a miu

how :-:iany st-cel rods :.ust be used to finish into the ,treeI shafts?

Th)is is a rm-ucAo tj -f choosing the !-ost roonomicil plan. If one chooses- a wor;-able

nlan, -he probl-m is not Iif "icult to solve, relying on eXTcerience. ''or exlamnje, t.Lkinc

50 sto-el vods and cutting a. ch one into -.,.o A-ty.pe rod s and one C-- ype rod, one wrould Let

a Itundred "I-tyne rods and '10 C-t,,/7e rods: tP.1inr' another 25 steel rods and cutting, ea-ch

into two C-tyne rods and two B-type rods, one would get 50 0-',tye rods an'd 50 B-type rods7,.

'Tow, we., are still shiort 50 3-yerods and still need 17 st> P1 '-ods*; In tlhis wavy, wem w-.-1

Use ?1 -OdIS of tr.w ma.ral a2 tocet *- r. This, Of Course, is a wo1rk-able Trla. BjoweVor,

Js t the :-'Ost eeoo .a lan? '.:( still cannmot answ.er thoit. If i~t is, rot, can we find

theios' erono;:.iel )an thrnx~'h rqathemiatjcal !(,script~ion?

In -~~rto do Thliis, we arra-e the va-rioiis cutting- met-hods in the -.blo br-low:

eutinYr I ;7o. Lo. of 2.9m.Rods (A) Lotof 21m ~rs b f ~ ~ es

1 2 0 1 0. 1

2 1 2 0 0.3
1 0 3 0

A.0 2 2 0.2

50 3 0 1.1
61 1 1 0.,9

a.. the tanble, 1usinC plans 5 and 6 nroduicrs a rclativrcly larCe ai-iount of r?::cess

mat'-:ial; this is sti T acoy Using plan-s 1 and 3 to cut rroduces relative>- little

exce2zz mat--jal and is more atir-f-actory, however, these Tn]ans do not neet -the -recuirem~nt

ecsethey do not -erodluce any %.1 m.,eter shafts. Because of this, we -.-ust si:.mlt:neously

Ps+ Plans *) and A an6 hoy -they satisfy the requiremnt. Nbow nur question is: using plans

I, p2, 1 annd 4 how rony -rod~s ,,ill *-,arh Plan use to Produce 100 sets of shafts rind still

mJinilmiae ',he total of w-.sted rodIs of raw math-rial?

If we su ---ose that the number of rod~s to be cut using plan 1 is X19 the number of rods

to b cutusin ~ 2is 2 , the noumber of rods to be cut using plan 3 Is 73 n henme
of rods. to bn cut using plan 4 is X,9 we can then say that the total number o aho h

A, 11 and ytee of shafts is:.

7To * of A-t-re shlafts=9X 1 4:' 2 73
aj. of B-tirne shiafts=2Y5 +2X

o. of C- ye ( shafts=1 ','+3,, 3 +7T4

-4-



In ori-r to match up thie Ly-evn' of evfsto make 100 octs one con ar--ive at 'he Lablc of

mat~a~ .C~lfor ulas below:

2X, - X., +X 5 10
2Xa-+2X 4 -100 I

X, + 3X.-i2XS - 1001
Xt>,O, i-i1. 2. 3. 4.

r -e tot- l nrnb- of c-ftf-7 -:oermKed is:

+X5 +X4  (2)

Cuir -rohi, 1,s 4.11- to v,,jv he I~l<t ejup of -i) -ven t.1( r rco-.d~iorrs in (1).
* e~atc(~)to 'nfo tho ee f-rction, ri-eate (1) -to hr- there:totn cniici

r1-ic-a~e 7.the cinr h-n-~ n "ire his isa p Tro-1er.-, in :Le- iiin!r e'-tr e vralues

r ce hs- C 12d nn "o..1,Lation" -nroolem. kolvinC, the nroblem we _met the flo.i~

X,-20, Xva-40, Xe-20,
X4 _1O0 XV-10, xS-50,

;11.s w-.:: ron'o '-5 eueid , Pel rods, m - o'-'-e 10 0i s r-is. mis i.n deM is ~
P s n-l e -ort eooecnmica l method.

rorn the niseun::± on above one can cnc that, if th'is 1khd of eir:nlc roblem (loes not

1r-iv- a. sincle n;olutinn and if o'mois lr-enCis onl.h, on tlie ~ 'Land error" method it will be

v r x:7 iff-;cullt to fr,', t-e o i.:j:i <teni and dJif 'ic-i7t to reoieit as e-uch if erc does
0 ind it. "ow.ever, .f'r coinc ttxrruth, this i-ind of iathm~atic-1. treetr:>nt, it is then vey

-:y to find the oi ,imuir nlan.

T, -uitc a -rorlcms whc risem in onC-in frntcmla,"or e-axe(-_ ,.e we nt

%nr~~~~th-rni a ...m~, ren~ l,, and re nuire ::Uniinir vei~ht * it.i ~r r-ir

:?nn,c of' flener 'rty l'id libiiy or, in pithie-s of _inter. coption in mpac and

orbrital- ehrrn-es -Ln m-iaree, one nnen:l minieun times, r'te. These tynern of u tn

r, of ioll-'e, ; :ih ore, oaclex Aian 1Thei -erobr:-, of' feavIng -raw: rmater-ial ,mentioned above,

no, (lr-i,1v flC or -- r-rienee, anid a "Lrial an' rr-or" 12-Lhod wold 7n-ral:11 :1-poljn,



only !er-oduce ai 1a' aralr thiod. -von at Lhe rnso of a ~ra elof or. f,

aft~rwe n<e ~-'blnsin -I-:'r.nce wi th !,h- qrad met-ods of "onti i-vion,"

-e acVw~'lo' fvo gcoal lwy eaee7ul±. -emirn the maosibiliti's, of every -.itu-
e tonaee~ n~La om s rN , and avoid ai !le.sY ess in this way, we w;_1 1 certai-n<

"each _-oels vry o uic'cly. .:av T.ng corlitrr, we ca n use them to automlatic!ally ;(,7-rch out

-he oirtir'um rlan.

7ollow-Ing raong'.with the develormrent of sci~mce- and technolog,,y, each s-cience and tech-

no!-)ea ro-lm has -ro~ucedl large ib' rs of ontin-iization -rrol :ms. "'he ca: t.' n tvy on of

tts riosl.)enrs have -'v sncts and :ach of thes e tv-T;es has been ar.-nized Lnto a ere

b o1 td crorlin- to the sn-ciall naiture of a--ch of the tyne s of ou-,sA-nO. hokinc

"'o he: ereint cf vi, 1 of an -liedI snginerinsg technoloCy wca env 1 ~ idetiythe

r'~ ,~ 'oblemrs: -ne tyne ic process control Tnr6bloms ond! optimnum control -nrobierns;

one Lyre is -roble. iF of solectinC o'-timun mieans -ref*(-rr-d to a.,, o--tin:un IesiC7; he th-i I

t'moe is 'smnL ion/testinm- n-)oblen.. s ond rr-ohlems relating to the o7eni:.jna- iOn of

wewill introY1.ucc acain the rgeneral situ-ation earigortimum oein.

hne t~o _ef able to selectL a. relatively ont)inun rlan .,he-n carryingC out a-ny

irc- ofl'OC~l Howve!r, concern--i-I'- systems wiJth rclativ(ely con-plo:::,f,,

'g 'si~in". :'nin mtho~ls, 0 ~csoften have difficulty reali7zin. tbh ir ownm

roe ties. or omein- l, ma 'sewe'r to mine airnlanec acc'ording to Lr' 1 itional

_:n mcth od.s, firn-t, from, thbe e:> -nce of the 0oigdcrs, choose initial. v,-Iuos for the
,iou 1s 'aese s edfan'i _7 nrc1

i V mary Ilan, Aeigr U11 rio.,us cm' eb iis s of
m!,o lc -- thei - t oon I. ,t

.I l n L oor rnltl- ~ i r Gener ally sTr _'nC, oeetmt

w .c-r frlv n t il low one to aeutoysifnreflui-mreonts; sine th _s is so, one
Sn'-eKls to cow m(ciI cow-t'>in Da-rainert<-rs and for,' a se!cond thnirnein Us proccsn.;

-ioi"' rveralI r fi.no::s--nts, 0 on -:r7, p ni a!n jxhiohrat ie rrnuiromtonts n

0( 5L
5 5  

:WV'nS. a:. in isa .rs one needcs a n-w osia.eof wri-ht,

-"''nls'n a"~~iH e, cre'n'~C ehajractfcristios ?n6, on thie bas-,is oftre a n-w

'iJingI of V- >c"" c'bltfs b-ca-use of' this, th-re. s a g , is1 of work
figuring

I rvlv&- In A a n-w Jlm. T~ceo' this, desiLmrn, Alm thr-y rv- c'ar can

-- orm only, -. V'r fl w checks; crn-e"_ly, they can only re.adjust a few' m~e (for

ear1ple, -o"rto we ~tratio, wing loadinC, asnpeet ratio, r'r i-flee..ion, c'.) uA

the sorie tirme, -reie~ ' 1 j work sti2 1-qouiro"., -oinC, thr ug,_h tes7tin.- i n orde(r to va-

ii'tp a design; for e-amele, the wind tunn-J. te'-t in the -rojoet dolLn D~sae ue to

the-'s -.n(, 1ime involve-C' in te-1rtig, it is only pos-ible to all,w a vrry suchi.ubcr

of to be, m ade. 1Dcstis dlone accrording- to this kir~i of deip- rocene,-,ar



only "workable me Ihods" ' jhsmt isyrrlra ts; -Ihy are :.ot orptirwi .iethoc'C.

By iising e-om-,utqrT one can ficnir-, rut a Iar;':, numiber of ',~jl 10WdJof vnrioouz

t'csin a v-Try short time allowintg onr . ,-hoos-h ci if~ur methorl from am.ong C n J*~

i S anjf 0:; L', T -I Tr t Fet-n Ponl"ei when ,-~a.I ;o theo "rial and errc r" meth-od wh

e-cndr- on oerne rience of ) ,-ivcn level, even 1inch: in, subjec iv(e -pers-onal Jenij 'i(fl, 'Ind

' c CI- only Aive P-ar-flul eon~ier-t Lon tK ubrof Ifactors, hiowever, we -.uzt

noiint nut that., ,,IJIe we can uz3e com-utors to crir )ut ieic r ork, the method of c'Oeu-

2atling all tho nossi-ble inlans still. in not the benst one. That being the ca-,e, can we th'1ink

ofi way of figuiring out thn or.-timum method with-ouit figu ring out all t. e T)o sible mThos

rPs is iuoc:'ible. Cnti: .322. ".on ftheor an -xo'~ tr 1 ly nr-lincar ryroraming

methlo,9s, of"--r a fo inrlation for oca-timujeq co-iiut- rinsiCx. in thef ce we hav dicu-;se

before, we wi'l Loa nrc -ca roblem and turn it into a mathema -tica l '-roblemr in

o:l'a ~ set un' a .haa~a :nedl for, ont miea '.ion and ecta, blish a stnadfor

c1 _i.tin -iii.shinr- Cn ood ard a.Af ter f 'ur'-n- out eahmethod, we canu carvy oilt a

0: ,nar ison wilh -. rxvious !ae'wlod, then, f'vgur- out the vehd hich haethe most
fituro use a-ccor~inC '.o a _i--n _-aidnline, we caan elli.Inalle tlhe' veir numurous -2ethod.-

VWO-" * fl. o litll. Ilse -,In t111i ... can find the optiiarn method without, -airto

'-i.-'urc out ~the !o:- ible a;,e:,ods; t h is i s a r r o e!.; o f o: tin.um s eIc t ion . A c ros

ef !hs'in 1 r i !-iieign.

Acor!i, o r(e- o-ts f-rorm abroadi, the Aprerican Boeing Com,arny useri a tyeof o- -if-

ae-m .n ;-rogn to n-rr ut oti'a oeof th-e -,qy-lca)d Telnn of ai. h re e

Pe1-ons, -n ~ ec:eof 31 p-reent.

A~t nme Tn th 3odof r-ons--"tuc-lon, optinm :l :'i is Se~1(. V TJ -I2nd

bf ln'4q. in sme murs,1 1, .'TnS 0 -. 11 -11,'Tcj- -"'Y1 TrCLlc- tei 7h o.. .r6 "a Jh or>aaarV
e~j~s;in comewh-at !nore cO:ThXJr. strctureS, Jie.iave 2ora2tC~5 nd na

le- I':2ve~hr co~inex strujctures, it can r-,1vce wcirb It by 4j-fj. ;7or yanerir to

I te7'r "eorts, non-line ar nrg?'mvgIetliodsarpi to the Jr' of aire.-7aft wing6s

(,-.n r-~r3,ce w ih by 35 Pe rcent. 0-lez~inof sC.ructiiral --i.secert for "-hp -ost

Thr-ht-weightd 'Jesixi ca-s-pu to the imost er!ous ;tructural fnetin .- rar t ct:re
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